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(57) ABSTRACT 

In order to make a process available for the production of a 
multi-layer electrode or electrode assembly, with which an 
electrode or electrode assembly optimized for the respective 
use may be produced in a simple and, in particular, inex 
pensive manner it is Suggested that a first layer be rolled onto 
a carrier and at least one additional function layer be 
produced by spraying on a powder. 
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PROCESS FOR PRODUCTION OF 
MULTI-LAYER ELECTRODE OR 

ELECTRODE ASSEMBLY AND GASEOUS 
DIFFUSON ELECTRODE 

The invention relates to a process for the production of a 
multi-layer electrode or electrode assembly. 

Furthermore, the invention relates to an electrode which 
has a catalytically active reaction layer. 

Multi-layer electrodes or electrode assemblies are used, 
for example, in fuel cells or for the chlorine-alkali electroly 
sis. A further example of their application is the use as an 
oxygen-consuming electrode for the HCl electrolysis. 
The object underlying the invention is to provide a 

process, with which an electrode or electrode assembly 15 
which is optimized for the respective use can be produced in 
a simple and, in particular, inexpensive manner. 

This object is accomplished in accordance with the inven 
tion, in the process cited at the outset, in that a first layer is 
rolled onto a carrier and at least one additional function layer 
is produced by spraying on a powder. 
As a result of the fact that, in accordance with the 

invention, rolling process and spraying process are com 
bined, the use of semifinished products during the produc 
tion of a multi-layer electrode or electrode assembly can be 
dispensed with. The structure corresponding to a semifin 
ished product is itself produced in accordance with the 
invention. 
As a result of the combination of rolling and spraying, the 

advantages of these respective processes may be utilized and 
the individual layers which have been rolled or sprayed on 
separately from one another may then be combined. 

It is known, for example, from the state of the art to form 
a carrier structure by means of a carbon fabric or a carbon 
fleece. Materials of this type are, however, relatively expen 
sive. In accordance with the invention, a carrier structure 
may be formed, for example, by rolling carbon particles onto 
a carrier which is considerably less expensive than the use 
of a carbon fabric or carbon fleece. The carrier may, in 
particular, be a carrier tape or a carrier mesh. 
The properties of the multi-layer electrode or electrode 

assembly may be selectively adjusted as a result of a 
function layer, such as, for example, a barrier layer and/or a 
reaction layer, being sprayed on, wherein an optimization of 
properties can be carried out with respect to the different 45 
layers since different production processes are provided for 
separate layers. 

It is favorable when the powder for forming the additional 
function layer is sprayed on dry. Such dry spraying pro 
cesses may be carried out in a simple manner with the aid of 50 
one or more spray nozzles. 

In order to bring about a thermal fixing of a layer in 
addition to a mechanical fixing, it is favorable when a roller 
application of a layer is brought about by means of one or 
more heated rollers. As a result, a spray layer, onto which an 55 
additional layer is rolled, can also be fixed thermally. 
A carrier structure may be formed in an inexpensive 

manner or rather a carrier used which is produced from 
high-grade steel, gold-plated high-grade steel, from silver 
plated nickel, in particular, when the electrode produced is 60 
used with alkaline media or from titanium. Since these are 
metallic materials, they can, on the one hand, be processed 
in a simple manner, for example, be unwound from a roll of 
tape and, on the other hand, are electrically conductive. The 
carrier can also be produced from a non-conductive material 65 
which is or has been coated with a conductive material. Such 
as carbon. 
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In a variation of one embodiment, a sprayed-on function 

layer is a reaction layer. For example, a carrier structure is 
formed by rolling a carbon powder onto a carrier mesh and, 
Subsequently, a reaction layer is sprayed onto this carrier 
structure. The production of the carrier structure may then be 
carried out in an inexpensive manner, wherein the reaction 
layer can be sprayed on thin. Since the reaction layer 
presupposes a generally expensive catalyst material, the 
production may likewise be carried out inexpensively by 
means of the thin spraying on. The powder material for 
forming the reaction layer by spraying on is, in particular, a 
catalyst carrier material on a carbon basis, such as platinum 
or other precious metals. The carbon carrier represents an 
electrically conductive material which can be processed 
inexpensively and in a simple manner. 

In a further, alternative or additional variation of one 
embodiment, a sprayed-on function layer is a barrier layer. 
When using electrodes or electrode assemblies in electro 
lytic cells with liquid electrolytes, the problem of an elec 
trolyte breakout can result when a high hydrostatic pressure 
prevails in the electrolytic cells. Such an electrolyte breakout 
can be prevented by means of the barrier layer, wherein the 
barrier layer may be of a thin formation due to the spraying 
O. 

In order to ensure the barrier effect it is advantageous 
when a mixture consisting of carbon and a hydrophobing 
material is used for forming a barrier layer, wherein the 
hydrophobing material increases the barrier effect with 
respect to the electrolyte breakout. On the other hand, the 
electrochemical properties of a corresponding electrode are 
not fundamentally altered due to the spraying on of a thin 
layer. 
One advantageous hydrophobing material is PTFE (poly 

tetrafluoroethylene). 
It has been possible to obtain very good results when the 

barrier layer consisting of a carbon/PTFE mixture has a 
surface density in the range of between 0.3 mg/cm and 1 
mg/cm and, in particular, in the order of magnitude of 0.6 
mg/cm. In the case of gaseous diffusion electrodes pro 
duced accordingly, the efficiency of the electrode has been 
improved 100% in comparison with electrodes with no 
barrier layer or electrodes provided with a barrier layer foil. 

In a variation of one embodiment, a carrier structure for 
carrying, in particular, a reaction layer is produced by rolling 
carbon powder onto the carrier. As a result, a carrier struc 
ture may be formed in an inexpensive manner, in particular, 
when a carrier mesh consisting of high-grade steel, silver 
plated nickel or titanium is used as carrier. 

In order to ensure a secure adhesion of the carbon powder 
on the carrier and to secure the adhesion of the carbon 
particles in the layer it is advantageous when the carbon 
powder is rolled on mixed with a binding agent. A hydro 
phobing material. Such as PTFE, can be used as binding 
agent so that, at the same time, the carrier structure also has 
a barrier effect with respect to an electrolyte breakout. 

In addition, a pore-forming agent, such as ammonium 
hydrogen carbonate or citric acid, can be added to the 
material to be rolled on in order to adjust the structure of the 
carrier structure accordingly in a defined manner. 

It is, in particular, provided for the composition of the 
material to be rolled on and/or the particle size therein and/or 
a contact pressure during the roller application to be adjusted 
in order to obtain a layer which is built up in a defined 
manner and optimized for the special use. 

In order to form an electrode assembly, for example, for 
use in membrane fuel cells, the carrier structure can be 
connected to a membrane. A function layer is favorably 
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sprayed onto the carrier structure and/or onto the membrane 
prior to their connection, this function layer being, in 
particular, a reaction layer with a catalytically active mate 
rial. Such as platinum. As a result of the spraying on, this 
function layer may be of a thin formation in order to save, 
in particular, on material costs. The carrier structure possibly 
with a function layer sprayed onto it and the membrane 
possibly with a function layer sprayed onto it may then be 
brought together in a simple manner and connected, wherein 
the function layer is then located between the carrier struc 
ture and the membrane. 

In a variation of one embodiment it is provided for a 
function layer and, in particular, a reaction layer to be 
sprayed onto a connecting side of the membrane and an 
oppositely located side of the membrane prior to the con 
nection between carrier structure and membrane. In this 
way, an electrode assembly may be produced quickly and 
inexpensively as an electrode-membrane unit. 

It may be provided for the respective spraying on to be 
carried out simultaneously so that the production is simpli 
fied. 

The function layer is, in particular, a reaction layer with 
a catalytically active material. 
The connection between carrier structure and membrane, 

wherein at least one of them is provided with a reaction 
layer, may be provided in a simple manner by way of roller 
application. If the corresponding rollers are heated, a ther 
mal fixing of the reaction layer on the carrier structure and/or 
the membrane may also be achieved in addition to a thermal 
fixing of the connection between carrier structure and mem 
brane. 

In order to form an electrode-membrane unit, in particu 
lar, for a fuel cell it is advantageous when an additional 
carrier structure is connected to the carrier structure-mem 
brane connection. As a result, a catalytically active reaction 
layer, which is sprayed either onto the membrane or onto the 
respective carrier structure, may be arranged on both sides 
of the membrane. The additional carrier structure is advan 
tageously rolled on to form the electrode-membrane unit. 

It is favorable when the additional carrier structure is built 
up essentially in the same way as the carrier structure which 
is first connected to the membrane. The additional carrier 
structure has essentially the same function as the carrier 
structure which is first connected to the membrane and so the 
electrode-membrane unit may be produced in a simple 
manner. It is also favorable for this purpose when the 
additional carrier structure is produced essentially in the 
same way as the carrier structure which is first connected to 
the membrane. 

An electrode-membrane unit formed in Such a way is 
advantageously used for a fuel cell. 

In a variation of one embodiment it is provided for the 
first layer to be a rolled-on reaction layer. Subsequently, a 
barrier layer is sprayed onto this rolled-on reaction layer in 
order to avoid the risk of any electrolyte breakout. 

It may be provided, in addition, for a contact layer to be 
sprayed onto the carrier insofar as this carrier is not con 
ductive, wherein essentially the same material as for the 
barrier layer is used, in particular, for the contact layer. 
An electrode of this type, with which the electrode is, in 

particular, a gaseous diffusion electrode, may be produced in 
a simple manner when the barrier layer and the contact layer 
are sprayed on at the same time. 

It may also be provided for a membrane to be arranged on 
an outer function layer, such as a reaction layer. 
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4 
An electrode assembly produced as described above may 

be used in an advantageous manner in conjunction with a 
fuel cell. 
An electrode, onto which a barrier layer is sprayed, may 

be used in an advantageous manner as a gaseous diffusion or 
oxygen-consuming electrode. 

Furthermore, the object of the invention is to provide an 
electrode which has a high electrode efficiency. 

This object is accomplished in accordance with the inven 
tion, in an electrode which has a catalytically active reaction 
layer, in that a barrier layer produced by means of a sprayed 
on powder is arranged on the reaction layer. 
By spraying a barrier layer, for example, onto a rolled 

gaseous diffusion electrode, the problem of the electrolyte 
breakout may be prevented. On account of a corresponding, 
dry powder being sprayed on, no fabric, such as, for 
example, a PTFE fabric which is correspondingly expensive 
and makes the production more difficult, need be arranged 
on the reaction layer. In addition, adhesion problems, in 
particular, during use result with the arrangement of a fabric 
on the gaseous diffusion electrode. 

Electrode efficiencies increased by 100% have resulted 
due to such inventive electrodes. 

In this respect, it is particularly advantageous when the 
barrier layer is formed by a mixture of carbon and a 
hydrophobing material. The hydrophobing material is, for 
example, PTFE. 

It has proven to be advantageous when, in particular, in 
the case of this specific material the barrier layer has a 
surface density in the range of between 0.4 mg/cm and 0.8 
mg/cm and this surface density is, in particular, 0.6 mg/cm. 

Additional advantages and developments of such an 
inventive electrode have already been explained in conjunc 
tion with the inventive process. 
The following description of preferred embodiments 

serves to explain the invention in greater detail in conjunc 
tion with the drawings. These show: 

FIG. 1 a schematic illustration of a first embodiment of 
the inventive process for the production of an electrode 
assembly, wherein the production of an electrode-membrane 
unit is shown; 

FIG. 2 a schematic illustration of a second embodiment of 
the inventive process for the production of an electrode, with 
which a gaseous diffusion electrode is provided with a 
barrier layer, and 

FIG. 3 a schematic illustration of an inventive gaseous 
diffusion electrode with a barrier layer. 

In a first embodiment of the inventive process, a mixture 
consisting of carbon and a binding agent, such as PTFE 
(polytetrafluoroethylene), is produced in a first step, for 
example, in a blade mill. If required, a pore-forming agent, 
Such as, for example, ammonium hydrogen carbonate or 
citric acid, can be added. In this respect, the particle size, in 
particular, of the carbon is selectively adjusted in the blade 
mill so that a specific average particle size predominates in 
the mixture. 

This mixture 8 is supplied to an application device 10 
which is of a funnel-shaped design with a Supply opening 12 
and an application opening 14. The mixture 8 may be 
applied to a carrier 16 via the latter. 
The carrier 16 is of a tape-like design and, in particular, 

is designed as a carrier mesh. For example, the carrier 16 is 
a high-grade Steel mesh, a silver-plated nickel mesh or a 
titanium mesh. 
The application of the mixture 8 to the carrier 16 is 

brought about in a calender 18 which has rollers 20, 22 
turning in opposite directions with essentially parallel axes 
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of rotation. Their directions of rotation are essentially par 
allel to the direction of flow of the mixture 8 in the area, in 
which the mixture 8 impinges on the carrier 16 from the 
application opening 14; the mixture 8 is rolled onto the 
carrier 16 via the supply which is tangential with respect to 
the roller rotation. 

The contact pressure of the rollers 20, 22 is adjustable 
during the roller application, in particular, due to the fact that 
the distance between the axes of rotation of the two rollers 
20 and 22 is adjustable and/or the rotational speed of the 
rollers 20, 22 is adjustable. 

It may also be provided for the rollers 20, 22 to be 
heatable in order to effect a thermal fixing of the mixture 8 
on the carrier 16. 
A carrier structure 24, which is formed by the mixture 8 

rolled onto the carrier 16 and the carrier 16, may be formed 
selectively via the composition of the mixture 8 and, in 
particular, via the adjustment of the content of the binding 
agent in the mixture and the content of the pore-forming 
agent, via the adjustment of the average particle size in the 
mixture 8 and via the adjustment of the contact pressure. 
This carrier structure 24 may also act in an electrolyte 
repelling manner when a hydrophobing binding agent, Such 
as PTFE, is used accordingly and the content of this hydro 
phobing binding agent in the mixture is correspondingly 
large. 
The carrier structure 24 may be produced without using 

any carbon fabric or carbon fleece and so the process can be 
carried out inexpensively. 

In a further step, the carrier structure 24 is connected to 
a proton-conducting membrane 26. 
A reaction layer, which is catalytically active, is arranged 

between the proton-conducting membrane 26 and the carrier 
structure 24. This reaction layer is sprayed on prior to the 
connection. 

In FIG. 1, a variation of one embodiment is shown, with 
which by means of a spray nozzle 28 the reaction layer 
points towards the connecting side 30 of the membrane 26 
to the carrier structure 24. It may, however, also be provided 
for the reaction layer to be sprayed onto the carrier structure 
24. 
A dry powder is sprayed onto the membrane 26 by means 

of the spray nozzle 28 in order to form a thin reaction layer. 
The powder may, for example, be a platinum carrier material 
on a carbon basis with platinum as catalytically active 
material. 

It may, in addition, be provided for an additional reaction 
layer to be applied to the side 32 of the membrane 26 located 
opposite the connecting side 30, in particular, simulta 
neously with the application of the reaction layer to the 
connecting side 30 of the membrane 26. For this purpose, a 
nozzle 34 is, for example, provided. In FIG. 1, a variation is 
shown, with which the streams of powder of the two spray 
nozzles 28 and 34 are directed towards one another and the 
membrane 26 is guided through these streams of powder in 
order to form reaction layers simultaneously on the two 
sides 30 and 32 of the membrane 26. 
The connection between the carrier structure 24 and the 

membrane 26 provided with the reaction layers is brought 
about in a calender 36 with rollers 38, 40 turning in opposite 
directions. The rollers 38 and 40 are, in particular, heated in 
order to provide for a thermal fixing of the reaction layers on 
the membrane and also a thermal fixing of the reaction layer 
on the connecting side 30 to the carrier structure 24. 
A carrier structure-membrane connection 42 then exits 

from the calender 36. This is provided with an additional 
carrier structure 44 which is, in principle, built up in the 
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6 
same way as the carrier structure 24, wherein the side 46 of 
the carrier structure 44 with rolled on material facing the 
carrier structure-membrane connection 42 is arranged on 
this carrier structure-membrane connection so that a carrier 
side 48 of the carrier structure 44 faces away from the carrier 
structure-membrane connection 42. 

In order to produce the carrier structure 44, a carrier 50 is, 
as described on the basis of the production of the carrier 
structure 24, guided through a calender 52, wherein a 
mixture 54 which is, in particular, of the same composition 
as the mixture 8 is supplied to the calender 52 via an 
application device 56. 

It is, in particular, provided for the same conditions to 
essentially prevail during the application of the mixture 54 
as during the application of the mixture 8 to the carrier 16 
in order to obtain the same formation of the carrier structures 
24 and 44. 
The carrier structure 24 is then rolled onto the carrier 

structure-membrane connection by means of rollers 58, 60 
turning in opposite directions. As a result, an electrode 
membrane unit is obtained which can be used, for example, 
in a fuel cell (PEFC Proton Exchange Membrane Fuel 
Cells). 

In a second embodiment of the inventive process, as 
illustrated schematically in FIG. 2, a gaseous diffusion 
electrode (GDE) 68 is produced by rolling a reaction layer 
64 onto a carrier 66. 
A catalytic powder 70 consisting of a mixture of an 

electric material, e.g., carbon, a catalyst material, e.g., 
platinum and additional additives serves for the production 
of the reaction layer 64. These ingredients are mixed with 
one another in a blade mill to form the powder 70 (not shown 
in FIG. 2). 
The powder 70 is supplied via a funnel-shaped application 

device 72, in particular, by means of the effect of gravity to 
a calender 74 with a pair of rollers 76, 78 turning in opposite 
directions and here the reaction layer 64 is rolled on in a 
predetermined thickness. This process and an example of the 
composition of the powder 70 are described in DE 19509 
749 A1, to which reference is expressly made. 
On the gaseous diffusion electrode 68 thus produced, a 

barrier layer 80 is sprayed onto the reaction layer 64 as 
function layer. For this purpose, one or more spray nozzles 
82 are provided for the dry spraying on of a powder material 
for forming a thin barrier layer. 
When electrodes are used, in particular, in electrolytic 

cells with liquid electrolytes, such as, for example, in 
alkaline fuel cells, chlorine-alkali electrolytic cells or HCl 
electrolytic cells, there is, in principle, the problem that the 
electrolyte can break out. The barrier layer 80 prevents any 
Such breakout. For this purpose, a hydrophobing material, 
such as, for example, PTFE, is mixed into the powder 84 to 
be sprayed on. The carrier material of the powder 84 is an 
electrically conductive material and, in particular, carbon. 
The powder 84 is applied to the gaseous diffusion elec 

trode 68 with a surface density which is, for example, in the 
order of magnitude of 0.6 mg/cm. As a result of the 
application of such a barrier layer, electrode efficiencies 
have been increased by 100% in comparison with a gaseous 
diffusion electrode produced in the same way but without 
any barrier layer. 
The carrier 66 is designed, in particular, as a carrier tape 

or carrier mesh. A carrier mesh is produced, for example, 
from high-grade steel, silver-plated nickel or titanium. In the 
case where the carrier mesh 66 is not conductive, a contact 
layer 88 is sprayed onto the side of the gaseous diffusion 
electrode 68 facing away from the reaction layer 64 by 
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means of one or more spray noZZles 86, this contact layer 
being produced, in particular, from a mixture corresponding 
to the powder 84, i.e., is produced from a carbon-PTFE 
mixture. As a result, the contact layer 88 also acts at the same 
time as a barrier layer. 

The spray nozzles 82 and 86 may be arranged so as to be 
spatially offset relative to one another such that the reaction 
layer 84 is first sprayed on and then, Subsequently, the 
contact layer 88 on the opposite side of the rolled-on gaseous 
diffusion electrodes 68. It may, however, also be provided 
for the two layers 84 and 88 to be sprayed on at the same 
time, for example, in that the two spray nozzles 82 and 86 
are arranged so as to be located opposite one another. 
The gaseous diffusion electrode 90 with a sprayed-on 

barrier layer is supplied to a pair of rollers 92, 94 turning in 
opposite directions, wherein the rollers are, in particular, 
heated in order to take care of a thermal fixing of the barrier 
layer 80 (and, where applicable, the contact layer 88) on the 
gaseous diffusion electrode. 

In a further step, it may be provided, in order to produce 
an assembly consisting of the gaseous diffusion electrode 90 
and a solid electrolyte, for example, for a fuel cell, for a 
membrane 96 to be supplied in the pair of rollers 92.94 and 
there be rolled onto the gaseous diffusion electrode 90. 
namely onto its barrier layer 80. The production of such an 
assembly is described in DE 195 09 749 A1, to which 
reference is expressly made. 
A first layer is rolled on by means of the inventive 

production process. In the first embodiment, the carrier 
structure 24 is thereby formed and in the second embodi 
ment the gaseous diffusion electrode with the reaction layer 
64 as first layer. Subsequently, an electrode assembly or an 
electrode with at least one additional, sprayed on function 
layer is provided. As a result of the inventive combination of 
roller application and spraying on of layers, a separation of 
the functions of the layers can take place, wherein the 
function of the layer itself is taken into consideration in the 
application process. 
No semifinished products need then be used, such as 

backings, barrier foils, second electrodes or the like. These 
semifinished products are, in part, very expensive (such as 
carbon fabrics or carbon fleeces or also PTFE fabrics). 
As a result of the inventive process, a multi-layer elec 

trode or multi-layer electrode assembly may be produced, 
with which the individual layers may be optimized in their 
functioning by means of the production process. 

In the case of an inventive gaseous diffusion electrode 
which is shown in FIG. 3 and which is produced, in 
particular, with a process in accordance with the embodi 
ment according to FIG. 2, a reaction layer 100 is arranged on 
a carrier 98, for example, a high-grade steel mesh, a silver 
plated nickel mesh or titanium mesh, and this reaction layer 
has, for example, been rolled on. The reaction layer is 
produced from a mixture of an electrically conductive 
material, e.g., carbon, a catalyst material, e.g., platinum, and 
possible additional additives. 
A thin barrier layer 102 is arranged on the reaction layer 

100 and this has been sprayed on. This barrier layer serves 
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8 
to prevent any electrolyte breakout during the use of the 
electrode in an electrolytic cell. The material of the barrier 
layer 102 does not participate in the electrochemical reac 
tions at the electrode. A hydrophobing material. Such as 
PTFE, is added to the material sprayed on by means of a 
powder to form the barrier layer 102 in order to achieve this 
barrier effect. In order to ensure the conductivity, the 
sprayed-on powder is a mixture of an electrically conductive 
material, e.g., carbon and this hydrophobing material. The 
surface density of the barrier layer is in the range between 
approximately 0.3 mg/cm and 1 mg/cm and is, in particu 
lar, approximately 0.6 mg/cm. 
As a result of an electrode produced in Such a manner, 

electrode efficiencies improved by 100% in comparison with 
an electrode not provided with a sprayed-on barrier layer 
have been obtained. 
The invention claimed is: 
1. Process for the production of a multi-layer electrode or 

electrode assembly, wherein: 
a first layer is rolled onto a carrier; 
at least one additional layer is produced by spraying on a 
powder in a dry manner after said first layer is rolled 
onto the carrier; and 

said at least one additional layer is a function layer; 
wherein: 

the first layer is a rolled-on reaction layer; 
said carrier is an electrically non-conductive carrier; 
and 

a contact layer is sprayed onto said electrically non 
conductive carrier on a side of the carrier opposite 
that of the rolled-on reaction layer. 

2. Process as defined in claim 1, wherein the first layer is 
rolled onto the carrier by means of one or more heated 
rollers. 

3. Process as defined in claim 1, wherein the carrier is 
designed as a carrier mesh. 

4. Process as defined in claim 1, wherein a sprayed-on 
function layer is a barrier layer. 

5. Process as defined in claim 4, wherein a mixture of 
carbon and a hydrophobing material is used for forming a 
barrier layer. 

6. Process as defined in claim 5, wherein PTFE is used as 
hydrophobing material. 

7. Process as defined in claim 4, wherein the barrier layer 
has a surface density in the range of between 0.3 mg/cm and 
1 mg/cm. 

8. Process as defined in claim 1, wherein a barrier layer is 
sprayed onto the rolled-on reaction layer. 

9. Process as defined in claim 1, wherein: 
the contact layer comprises a barrier layer. 
10. Process as defined in claim 1, wherein: 
the function layer comprises a barrier layer, and 
the barrier layer and the contact layer are sprayed onto 

opposite sides of the carrier at the same time. 
11. Process as defined in claim 1, wherein a membrane is 

arranged on an outer function layer. 
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